1 Background: There is evidence of increasing use of laboratory tests with 2 substantial variation between clinical teams which is difficult to justify on clinical 3 grounds. The aim of this project was to assess the effect of a demand 4 optimisation intervention on laboratory test requesting in primary care. 5
Introduction
of disease, there is concern about the increasing use of laboratory tests and in 47 particular, the substantial variation in test ordering rates between clinical teams 48 [1] . In the UK laboratory test requests increased by approximately 5% per year 49 in the period 2012-15 [2] . While it is difficult to specify for most tests what an 50 'appropriate' test request rate might be for a given patient population, it is 51 7 Throughout the study period laboratory requests from primary care were 113 ordered on a paper laboratory request form. All of the test considered here (with 114 the exception of immunoglobulins) were listed on the request form and could be 115 ordered by ticking a box on the test request form adjacent to the test profile 116 name; an immunoglobulin profile was ordered by free text entry on the request 117
form. 118
Test requesting rates were studied before and after a three year intervention 119 designed to support optimal use of laboratory testing. The intervention package 120 was developed in conjunction with the Western Local Commissioning Group 121 (responsible for commissioning and managing primary care services and which 122 included senior primary care doctors). The intervention included several 123 discrete elements. Firstly, awareness of the intervention was promoted through 124 educational sessions on the benefits to patients and clinical teams of optimal 125 use of laboratory tests. Secondly, educational material was developed in 126 conjunction with primary care clinicians which covered the major clinical 127 indications for a range of considered requested tests and appropriate retest 128 intervals. This was distributed to all primary care teams and was supplemented 129 by presentations at educational meetings. Thirdly, all primary care teams were 130 asked to engage in the process of reviewing test requesting procedures within 131 their practice, and to reflect on the information provided on their practice test 132 requesting rates and ranking in comparison to other practices. Variability between practices in standardised test request rates was expressed 147 as coefficient of variation (CV) whereas differences in the variance between 148 pre-and post-intervention period were tested using the Bonett-Seier test [25] . 149
A paired t-test was used to compare mean numbers of laboratory test requests 150 from pre-and post-intervention period. 151
Spearman's rank correlation was used to study relationships between 152 standardised requesting rates for three of the most commonly request tests 153 
Results

158
The total number of profile test requests for all practices fell from a mean of 159 1554 per 1000 patients pre-intervention to 1498 per 1000 patients one year 160 post intervention (a reduction of 3.7%; p = 0.09) ( Table 1 ). Rural practices had 161 a higher average standardised profile request rate than urban practices at all 162 time points: baseline, during the intervention and at one year post intervention. 163
However, the reduction in the mean number of test requests was seen 164 exclusively in rural practices where requests fell by 9% (p = 0.01) as compared 165 with no significant change in urban practices. 166
The between practice coefficient of variation for profile test requests fell from 167 30.2 % pre-intervention to 27.4% one year post intervention (p = 0.049). Rural 168 practices had a higher between practice coefficient of variation than urban 169 practices at all time points (Table 1 ). There was no significant difference 170 between urban and rural practices in the number of registered patients per 171 general practitioner. 172
For HbA 1c , there was an increase in mean test request rates from 1.9 requests 173 per patient with diabetes pre-intervention to 3.0 diabetes post-intervention (p 174 =0.00001) ( Table 2) . Variability for HbA 1c increased from 23.8% to 36.6% (p = 175 0.00001). The statistically significant increase in variation for HbA 1c was 176 observed both in rural (p = 0.00031) and urban (p = 0.008) areas ( Table 2) . 10 The mean number of PSA requests per 1000 male patients increased from 69.4 178 to 82.9 following the intervention (p = 0.006) (Table 3 ). However, there was no 179 significant change in between practice variability. 180
Finally, there were high correlations within practices for individual profile test 181 types: electrolyte and liver profiles (R = 0.83), and lipids and liver profiles 182 (R=0.67) ( Figure 1 ). 183
Discussion
184
While it may be challenging to define what represents an appropriate rate of 185 requesting for most tests, it is certainly difficult to justify very high levels of 186 variability between clinical teams providing care to broadly similar groups of 187 patients within a single healthcare system. This study found high levels of 188 baseline variability between primary care practices in standardised biochemistry 189 profile test request rates both in rural (32.1%) and urban areas (24.7%). There 190 is little reason to believe that there were significant differences in the 191 characteristics of the practice patient populations within each of rural and urban 192 areas in terms of disease prevalence or morbidity that might explain such high 193 variability. It is therefore likely that the variability observed reflects differing 194 behaviours and perceptions between clinical teams as to the value and role of 195 individual tests in patient assessment. 196
The baseline standardised profile test request rates were significantly higher in 197 rural than in urban practices. The reasons for this are unclear and were beyond 198 the scope of investigation of the present study. However possible explanations include differences in practice organisation and workflow, differences in the 200 characteristics of general practitioners such as training, background, age which 201 might lead to differences in approach to patient assessment and testing [27, 28] . 202
The intervention employed to optimise demand was associated with two effects. 203
Firstly, there was a reduction of 3.7% in total standardised profile test requests 204
(as measured at one year post intervention). However, this was accounted for 205 entirely by a reduction in rural practices. Secondly, there was also a significant 206 reduction in between practice variability in test requesting from 30.2% to 27.4% 207 and this was seen in both urban and rural practices. During and post-208
intervention, the standardised test request rates and variability continued to be 209 higher in rural than urban practices. 210
For HbA 1c the standardised test rate per patient with diabetes increased from 211 laboratory tests also showed that the interventions generally produced changes 239 in the desired direction. For example, educational initiatives were found to 240 improve significantly the management of albuminuria [33] , oral anticoagulation 241 [34] , C-reactive protein [35] , HbA 1c [36] [37] [38] , lipids [36] [37] [38] [39] , and Pap testing [40] . 242
The improvement was more likely to be observed when more than one type of 243 intervention was used at a time [38, 41] . 244 variability in test requesting between primary care teams [32, 42, 43] , a unique 246 feature of the present study was that it assessed the effect of the intervention 247 on between practice variability in test requesting. The reduction in variability 248 found here suggests that the intervention was associated with a more 249 standardised approach to patient investigation and monitoring. 250
Conclusions 251
In conclusion, the demand optimisation intervention undertaken here showed a 252 small but significant reduction in reducing unwarranted variability between 253 practices in test requesting rates. 
